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This application claims priority to and the benefit of the filing date of co-pending and 



commonly assigned provisional application entitled CIRCUIT FOR AUTOMATICALLY 
INVERTING DATA CLOCK SIGNAL UPON DETECTION OF DATA CLOCKING 
ERROR, assigned serial number 60/101,467, filed September 23, 1998, which is hereby 
incorporated by reference. 



The present invention relates generally to communication networks, and more 
particularly, to a data communication system having the capability of detecting and 
dynamically correcting clocking errors attributable to system delays. 



In the field of data communications, data terminal equipment (DTE) is the source or 
destination of data in a communication connection. The DTE is typically connected to data 
communication equipment (DCE), which is in turn connected to the communication channel. 

20 The DTE may be a dumb terminal or printer, however in most modern communication 
networks, the DTE is typically a computer, a bridge, or a router, which interconnects local 
area networks (LANs). 

DCEs are typically modems or other types of communication devices. The DCE 
resides between the DTE and a communication channel. The DCE provides a connection for 

25 the DTE to send and receive data to and from the communication channel. Additionally, the 
DCE provides clocking to the DTE. In an analog communication network, such as a plain old 
telephone service (POTS) network, the DCE is typically a modem. In a digital 
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communication network, such as a frame relay network, the DCE is typically a CSU/DSU 
(channel service unit/data service unit). 

DTE and DCE interfaces are defined by the physical layer in the OSI (Open Systems 
Interconnection) model. The most common standards for DTE/DCE devices are EIA 
5 (Electronic Industries Association) RS-232-C and RS-232-D. Outside the United States, these 
standards are the same as the V.24 standard of the CCITT. Other DTE/DCE standards include 
the EIA RS-366-A, as well as the CCITT X.20, X.21, and V.35 standards. The later standards 
are used for high-speed communication over telephone lines. 

As noted, clocking is provided by the DCE to the DTE. The DCE sends a clocking 
10 signal to the DTE, and the DTE responds by sending data synchronously with the clocking 

i'3 

. signal. Theoretically, there is perfect timing between the clocking signal transmitted by the 

j'ft DCE and the synchronous data signal transmitted by the DTE. In practice, however, there is 

J ^ some delay before the DTE data signal is transmitted. This delay is attributable to such 

!:* s factors as the physical proximity of the DCE and the DTE, the length of the cable connecting 

!;« 15 the DCE and the DTE, and temperature changes in the system. 

^ Fig. 1 is a schematic view illustrating a typical prior art communication environment 5 

'■'Z in which a DTE 12 is interfaced to a communication channel 11 by a DCE 13. In the 

•=3 communication environment 5 illustrated in Fig. 1, the DCE 13 employs a typical prior art 
clocking circuit. A clock source 18 generates a timing signal (DCE ST), which is sent from 
20 the DCE 13 to the DTE 12 on connection 15. In response to signal DCE ST, the DTE 12 
sends a data signal (DTE SD) to the DCE 13 on connection 16. The DCE 13 samples signal 
DTE SD in data latch 17. A clocking signal (SD LATCH CLK) is also provided by clock 
source 18 to data latch 17 on connection 14. The SD LATCH CLK signal is used to clock the 
sampling of signal DTE SD in data latch 17. 
25 As illustrated in Fig. 1, in prior art systems the same clocking signal is typically used 

for signal DCE ST and signal SD LATCH CLK. However, in most installations connections 
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15 and 16 typically are much longer than connection 14. Thus, signals DCE ST and DTE SD 
typically are required to traverse much greater physical distances than signal SD LATCH 
CLK. As a result, signal DTE SD may be delayed in reaching data latch 17 relative to signal 
SD LATCH CLK. Temperature changes in the system may also result in varying delays. 



become significant compared to the frequency of the data signal, data clocking errors may 
occur as follows: the DCE 13 may double sample the data, or the DCE 13 may miss sampling 
the data altogether. Such errors are more likely to occur as the data rate increases. This is 
especially troublesome as network designers strive for higher and higher data rates. 



signals of the communication environment 5 of Fig. 1. Signal DTE SD is sampled in data 
latch 17 (of Fig. 1) on the rising edge of the SD LATCH CLK signal. System delays, such as 
those discussed above, can cause data latch 17 to sample signal DTE SD at a transition in 
signal DTE SD. The sampling point for this condition is illustrated in Fig. 2 by reference 
15 numeral 19. 

With reference back to Fig. 1, the effects of the above-described delay may be 
alleviated in some instances by sending signal SD LATCH CLK from the DCE 13 to the DTE 
12 and having DTE 12 return signal SD LATCH CLK back to DCE 13. The DCE 13 then 
uses the returned clock signal (rather than the original clock signal) to sample the data. In this 

20 way, the time delay between the clock signal used for sampling and the DTE data signal is 
minimized. This type of timing scheme is typically referred to as terminal timing. 

When the DTE does not have terminal timing capability, another way of addressing 
delay errors is by manually inverting the phase of the DCE's internal clock (i.e., signal SD 
LATCH CLK on connection 14 of Fig. 1) relative to the clock provided to the DTE (i.e. 9 

25 signal DCE ST on connection 15 of Fig. 1), so that signal DTE SD is sampled in the middle of 
the DCE's internal clock cycle rather than at a transition point. However, the efficacy of this 
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Because data is sampled by the DCE 13 at clock transitions, if delays in the system 
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Fig. 2 is a graphical illustration of the DCE ST, DTE SD, and SD LATCH CLK 
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method depends on the amount of delay in the system, which may differ depending on the 
specific installation. Each site must be evaluated and the manual inversion must be done on a 
site by site basis during installation, depending on the configuration of each site. However, 
post-installation changes in the DTE cable, in the DTE itself, or elsewhere in the system, can 
5 cause changes in the amount of delay present in the system. In such cases, subsequent manual 
intervention is required to adjust the clock phase. 

Thus, there is a need in the industry for a circuit and method that detect clocking errors 
between DCEs and DTEs, and dynamically adjust the clock phase to eliminate such errors. 



10 SUMMARY OF THE INVENTION 

I A circuit and method are presented that permit a DCE connected to a DTE to detect 

1 the condition in which the data signal transmitted to the DCE from the DTE is sampled near 

^ the transition of the data signal. Upon detecting this condition, the DCE's clocking signal is 

1 inverted relative to the DTE's data signal to ensure that that the DTE's data signal is sampled 

] 15 near the midpoint between data signal transitions. This is accomplished by obtaining two 
I samples of the DTE's data signal during a time interval that is less than the period of the 

% DCE's clocking signal. The time interval between the two samples is typically on the order of 

1/8 of the period of the DCE's clocking signal. The two samples are then compared with 
each other. If the two samples are different, it is apparent that there was a transition in the 
20 DTE data signal during the time interval, which indicates a clocking error. If a clocking error 
is indicated, the invention automatically corrects the error by inverting the DCE's clocking 
signal relative to the DTE's data signal so that the sampling point is moved away from the 
transition of the DTE's data signal. 

An advantage of the invention is that it automatically eliminates clocking errors in 
25 systems in which the DTE does not have terminal timing capability. 
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Another advantage of the invention is that it is automatic and requires no manual 
intervention. 

Another advantage of the invention is that it dynamically adjusts to changes in a 
system, such as cabling changes and temperature changes. 
5 Other features of the present invention will become apparent to one with skill in the art 

upon examination of the following drawings and detailed description. It is intended that all 
such additional features be included herein within the scope of the present invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
10 VIEWS OF THE DRAWINGS 

The invention can be better understood with reference to the following drawings. The 
components in the drawings are not necessarily to scale, emphasis instead being placed upon 
clearly illustrating the principles of the present invention. Moreover, in the drawings, like 
15 reference numerals designate corresponding parts throughout the several views. 

Fig. 1 is a schematic view illustrating a typical communication environment in which a 
DCE employing a typical prior art clocking circuit is used to interface a DTE to a 
communication channel; 

Fig. 2 is a graphical illustration of the data and clock signals of the clocking circuit of 

20 Fig. 1; 

Fig. 3 is a schematic view illustrating a typical communication environment in which a 
DCE employing the clocking circuit of the present invention is used to interface a DTE to a 
communication channel; 

Fig. 4 is a schematic view illustrating a first embodiment of the clocking circuit of Fig. 

25 3; 

Fig. 5 is a schematic view illustrating a second embodiment of the clocking circuit of 

Fig. 3; 
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Fig. 6 is a graphical illustration of the data and clock signals of the clocking circuits of 
Figs. 3, 4 and 5; 

Fig. 7 is a graphical illustration of the sampling period of a first embodiment of the 
clocking circuits of Figs. 4 and 5; and 
5 Fig. 8 is a graphical illustration of the sampling period of a second embodiment of the 

clocking circuits of Figs. 4 and 5. 




DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the description of the invention as illustrated 

10 in the drawings. While the invention will be described in connection with these drawings, 
there is no intent to limit it to the embodiment or embodiments disclosed therein. On the 
contrary, the intent is to cover all alternatives, modifications and equivalents included within 
the spirit and scope of the invention as defined by the appended claims. 

Fig. 3 is a schematic view illustrating a typical communication environment 10 in 

15 which a DCE 23 employing the clocking circuit 20 of the present invention is used to interface 
a DTE 22 to a communication channel 21. Clocking circuit 20 generates a timing signal DCE 
ST, which is sent from the DCE 23 to the DTE 22 on connection 25. In response to signal 
DCE ST, the DTE 22 sends data signal DTE SD to the DCE 23 on connection 26. The 
clocking circuit 20 samples signal DTE SD and generates a reclocked signal corresponding to 

20 signal DTE SD (i.e., signal RCLK DTE SD), which is provided to data latch 27 on connection 
29. The DCE 23 samples signal RCLK DTE SD in data latch 27. Clocking signal SD LATCH 
CLK is also provided to data latch 27 by clocking circuit 20 on connection 24. The SD 
LATCH CLK signal is used to clock the sampling of signal RCLK DTE SD in data latch 27. 
As will be discussed below with reference to Figs. 4 and 5, clocking circuit 20 detects 

25 whether signal DTE SD is being sampled at a transition point, which can lead to data 
sampling errors. If such is the case, the circuit inverts either signal DCE ST or signal SD 
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LATCH CLK (but not both) so that the two signals are 180 degrees out of phase with respect 
to each other. By inverting one of these signals, the clocking circuit 20 ensures that signal 
DTE SD is not sampled at a transition point. By ensuring that signal DTE SD is not sampled 
at a transition point, the clocking circuit 20 automatically eliminates the data sampling errors 
5 that may occur when a signal is sampled near its transition point. 

Fig. 4 is a schematic view illustrating a first embodiment of the clocking circuit 20 of 
Fig. 3. In this embodiment, a master clock 31 generates a master clock signal, which is 
provided to clock generator 32 and to sample enable generator 34 on connection 33. The 
master clock 31 runs at a higher frequency than the clock generator 32. In a preferred 
10 embodiment, the frequency of the master clock 31 is at least 8X the frequency of the clock 
H generator 32. Clock generator 32 generates timing signals at a frequency equivalent to clock 

".: is? 

I=n source 18 of Fig. 1. The output of clock generator 32 is signal DCE ST, which is provided to 

I;* the DTE 22 (of Fig. 3) on connection 25. 

p Within clocking circuit 20, signal DCE ST is provided to one input of selector 40, as 

p 15 well as to inverter 41, on connection 39. The output of inverter 41 (i.e., an inverted version of 
i 1 * signal DCE ST), is provided to another input of selector 40 on connection 42. Selector 40 is 

O therefore able to select either signal DCE ST or an inverted version of signal DCE ST, as 

discussed hereinafter. The output signal of selector 40 (i.e., the signal selected by selector 
40), is a clocking signal (INT CLK) that is internal to the clocking circuit 20. The INT CLK 
20 signal is provided on connection 43 to the following elements of clocking circuit 20: inverter 
44, sample enable generator 34, and data latch 45. 

The INT CLK signal is inverted by inverter 44. The output of inverter 44 is signal SD 
LATCH CLK, which is provided to data latch 27 of Fig. 3 on connection 24. 

The clocking circuit 20 determines the phase of signal INT CLK relative to the phase 
25 of signal DCE ST as follows: the master clock signal is provided to one input of sample 
enable generator 34 on connection 33. Signal INT CLK is provided to a second input of 
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sample enable generator 34 on connection 43. The sample enable generator 34 generates two 
output signals: signal SI ENABLE is generated on connection 35, and signal S2 ENABLE is 
generated on connection 36. In one embodiment, signal SI ENABLE is asserted on the rising 
edge of the INT CLK signal, and signal S2 ENABLE is asserted a defined number of master 
5 clock periods later. In one embodiment of the invention, signal S2 ENABLE is asserted on 
the master clock period following assertion of signal SI ENABLE. For a master clock 31 
running at 8X the frequency of clock generator 32, this means that the time interval between 
the assertion of the SI ENABLE signal and the assertion of the S2 ENABLE signal is 1/8 of 
the period of the SD LATCH CLK signal. The timing of this embodiment is illustrated in Fig. 



In an alternate embodiment of the invention, the SI ENABLE signal is asserted one 
master clock period before the rising edge of the INT CLK signal. In this embodiment, the S2 
ENABLE signal is asserted one master clock period after the rising edge of the INT CLK 
signal. The timing of this embodiment is illustrated in Fig. 8. 



connection 35. The S2 ENABLE signal is provided to a second input of sample comparator 
37 on connection 36. The DTE SD signal is provided to a third input of sample comparator 
37 on connection 26. Sample comparator 37 compares the state of the DTE SD signal at the 
time that the SI ENABLE signal is asserted with the state of the DTE SD signal at the time 
20 that the S2 ENABLE signal is asserted. The time interval between the assertion of the SI 
ENABLE signal and the assertion of the S2 ENABLE signal determines the window in which 
non-equal samples of the DTE SD signal constitute a data transition condition, thereby 
indicating a clocking error in the system. 



25 provided on connection 43 to latch the DTE SD signal provided on connection 26. As 
explained below, selector 40 selects either the DCE ST signal on connection 39 or the 
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The SI ENABLE signal is provided to a first input of sample comparator 37 on 



Clocking circuit 20 also contains data latch 45. Data latch 45 uses the INT CLK signal 



8 



Ref. No.061607-1100 



inverted DCE ST signal on connection 42 as the INT CLK signal. This choice ensures that 
the rising edge of the INT CLK signal occurs at approximately the midpoint of the transitions 
of the DTE SD signal. Data latch 45 therefore latches the DTE SD signal without error. The 
output of data latch 45 is the RCLK DTE SD signal, which is provided to data latch 27 of Fig. 
5 3 on connection 29. 

Because transitions of signal RCLK DTE SD are coincident with the rising edge of the 
INT CLK signal, the INT CLK signal on connection 43 is inverted by inverter 44 to generate 
the SD LATCH CLK signal. Due to this inversion, the SD LATCH CLK signal has a rising 
edge at approximately the midpoint of the RCLK DTE SD signal. The SD LATCH CLK 
10 signal is provided to data latch 27 of Fig. 3 on connection 24. 
^ If the DTE SD signal does not undergo a transition during the interval between the 

assertion of the SI ENABLE signal and the assertion of the S2 ENABLE signal, no clocking 
* error is indicated. In this case, there is no need to change the phase of the DCE ST signal and 

! 3 the SD LATCH CLK signal relative to each other. Thus, the output of sample comparator 37, 

;2 15 which is connected to selector 40 on connection 38, remains unchanged and selector 40 
.* continues to maintain the current phase of the INT CLK signal on connection 43 relative to 

2 the DCE ST signal on connection 25. 

On the other hand, if the DTE SD signal undergoes a transition during the interval 
between the assertion of the SI ENABLE signal and the assertion of the S2 ENABLE signal, a 
20 clocking error is indicated. In this case, the output of sample comparator 37 changes, thereby 
directing the selector 40 to change the current phase of the INT CLK signal on connection 43 
by 180 degrees. This causes data latch 45 to sample the DTE SD signal in the midpoint of the 
signal, rather than at a transition point (i.e., the transition of the DTE SD signal now occurs Vz 
bit period away from the sampling point, which is clocked by the INT CLK signal). Because 
25 the DTE SD signal is no longer sampled at a transition point, the clocking error is eliminated. 
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Fig. 5 is a schematic view illustrating a second embodiment of the clocking circuit 20 
of Fig. 3. In this embodiment, a master clock 31 is used to generate a master clock signal on 
connection 33. The master clock signal drives clock generator 32. The master clock 31 runs 
at a higher frequency than clock generator 32. In a preferred embodiment, the frequency of 

5 the master clock 31 is at least 8X the frequency of the clock generator 32. Clock generator 32 
generates timing signals at a frequency equivalent to clock source 18 of Fig. 1. The output of 
clock generator 32 is the INT CLK signal. The INT CLK signal is provided on connection 39 
to inverter 44. The INT CLK signal is inverted by inverter 44, thereby becoming the SD 
LATCH CLK signal, which is provided to data latch 27 of Fig. 3 on connection 24. 

10 Within clocking circuit 20, the INT CLK signal is also provided to one input of 

J . selector 40, and to inverter 41, on connection 39. The output of inverter 41 (i.e., an inverted 

«? 
n 

]\ version of the INT CLK signal), is provided to another input of selector 40 on connection 42. 

rj Selector 40 is therefore able to select either the INT CLK signal or the inverted version of the 

3 INT CLK signal as the DCE ST signal. The DCE ST signal is provided to DTE 22 of Fig. 3 

^15 on connection 25. 

= The clocking circuit 20 determines the phase of the INT CLK signal relative to the 

3 phase of the DCE ST signal as follows: the master clock signal is provided on connection 33 

to one input of sample enable generator 34. The INT CLK signal is provided on connection 
39 to a second input of sample enable generator 34. The sample enable generator 34 generates 
20 two output signals: SI ENABLE, on connection 35, and S2 ENABLE, on connection 36. In 
one embodiment of the invention, the SI ENABLE signal is asserted on the rising edge of the 
INT CLK signal, and the S2 ENABLE signal is asserted a defined number of master clock 
periods later. In a preferred embodiment of the invention, the S2 ENABLE signal is asserted 
on the master clock period following the assertion of the SI ENABLE signal. For a master 
25 clock 31 running at 8X the frequency of clock generator 32, the time interval between the 
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assertion of the SI ENABLE signal and the assertion of the S2 ENABLE signal is 1/8 of the 
SD LATCH CLK period. The timing for this embodiment is illustrated in Fig. 7. 

In an alternative embodiment of the invention, the SI ENABLE signal is asserted one 
master clock period before the rising edge of the INT CLK signal. In this embodiment, the S2 
5 ENABLE signal is asserted one master clock period after the rising edge of the INT CLK 
signal. The timing for this embodiment is illustrated in Fig. 8. 

The SI ENABLE signal is provided on connection 35 to one input of sample 
comparator 37. The S2 ENABLE signal is provided on connection 36 to a second input of 
sample comparator 37. The DTE SD signal is provided on connection 26 to a third input of 

10 sample comparator 37. Sample comparator 37 compares the state of the DTE SD signal at the 
time that the SI ENABLE signal is asserted with the state of the DTE SD signal at the time 
that the S2 ENABLE signal is asserted. The time interval between the assertion of the SI 
ENABLE signal and the assertion of the S2 ENABLE signal determines the window in which 
non-equal samples constitute a data transition condition. 

15 If the DTE SD signal does not undergo a transition during the interval between the 

assertion of the SI ENABLE signal and the assertion of the S2 ENABLE signal, no clocking 
error is indicated. In this case, there is no need to change the phase of the DCE ST signal and 
the INT CLK signal relative to each other. Therefore, the output of sample comparator 37, 
which is connected to selector 40 on connection 38, remains the same and directs the selector 

20 40 to maintain the current phase of the DCE ST signal relative to the INT CLK signal on 
connection 39. The DCE ST signal is connected to the DTE 22 of Fig. 3 on connection 25. 

On the other hand, if the DTE SD signal undergoes a transition during the interval 
between the assertion of the SI ENABLE signal and the assertion of the S2 ENABLE signal, a 
clocking error is indicated. In this case, the output of sample comparator 37 changes, thereby 

25 directing the selector 40 to change by 180 degrees the current phase of the DCE ST signal 
provided to the DTE 22 of Fig. 3 on connection 25. Due to the phase shift in the DCE ST 
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signal, timing of the DTE SD signal on connection 26 is altered so that the DTE SD signal no 
longer undergoes a transition during the time interval between assertion of the SI ENABLE 
signal and the assertion of the S2 enable signal. 

The INT CLK signal is also provided on connection 39 to data latch 45. Data latch 45 

5 uses the INT CLK signal to latch the DTE SD signal, which is provided to data latch 45 on 
connection 26. Because the DTE SD signal is sampled in data latch 45 on the rising edge of 
the INT CLK signal (which in this condition is the inverted version of the DCE ST signal), 
data latch 45 samples the DTE SD signal in the midpoint of the signal, rather than at a 
transition point (i.e., the transition of the DTE SD signal, which is clocked by the INT CLK 

10 signal in data latch 45, now occurs Vi bit period away from the sampling point). Therefore 
data latch 45 latches the DTE SD signal without error. The output of data latch 45 is the 
RCLK DTE SD signal, which is provided to data latch 27 of Fig. 3 on connection 29. 

Because transitions of the RCLK DTE SD signal are coincident with the rising edge of 
the INT CLK signal, the INT CLK signal must be inverted by inverter 44 to generate the SD 

15 LATCH CLK signal, which has a rising edge at the midpoint of the RCKL DTE SD signal. 
The SD LATCH CLK signal is provided to data latch 27 of Fig. 3 on connection 24. 

Fig. 6 is a graphical illustration of the data and clock signals of the clocking circuit of 
Figs. 3, 4 and 5 when the DCE ST signal on connection 25 and the INT CLK signal (on 
connection 43 in Fig. 4 and on connection 39 in Fig. 5) are inverted relative to each other. As 

20 shown in Fig. 6, this inversion ensures that the DTE SD signal on connection 26 is sampled by 
latch 45 (as clocked by the INT CLK signal) away from a transition point of the DTE SD 
signal. This sampling point is indicated in Fig. 6 by reference numeral 51. The output of data 
latch 45, which is the RCLK DTE SD signal on connection 29, is then sampled in data latch 
27 (as clocked by the SD LATCH CLK signal provided on connection 24), with the rising 

25 edge of the SD LATCH CLK signal occurring at the midpoint of the RCLK DTE SD signal 
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rather than at a transition of the RCLK DTE SD signal. This sampling point is indicated in 
Fig. 6 by reference numeral 52. 

Fig. 7 is a graphical illustration of a first embodiment of the SD LATCH CLK signal 
and the timing of the SI ENABLE and S2 ENABLE signals. In this embodiment, the rising 
5 edge of the SI ENABLE signal is coincident with the rising edge of the SD LATCH CLOCK 
signal, and the rising edge of the S2 ENABLE signal occurs at least 1/8 of the SD LATCH 
CLK period later. 

Fig. 8 is a graphical illustration of a second embodiment of the SD LATCH CLK 
signal and the timing of the S 1 ENABLE and S2 ENABLE signals for a master clock signal 

10 that is 8X the frequency of the SD LATCH CLK signal. In this embodiment, the rising edge of 
the SI ENABLE signal occurs 1/8 of the SD LATCH CLK period before the rising edge of 
the SD LATCH CLK signal, and the rising edge of the S2 ENABLE signal occurs 1/8 of the 
SD LATCH CLK period after the rising edge of the SD LATCH CLK signal. Thus, in this 
embodiment, the sampling interval between the assertion of the SI ENABLE signal and the 

15 assertion of the S2 ENABLE signal is l A of the period of the SD LATCH CLK. 

It should be emphasized that the above-described embodiments of the present 
invention, particularly any "preferred" embodiments, are merely possible examples of 
implementations, merely set forth for a clear understanding of the principles of the invention. 
Many variations and modifications may be made to the above-described embodiment(s) of the 

20 invention without departing substantially from the spirit and principles of the invention. For 
example, the master clock signal can be operated at frequencies other than 8X the frequency 
of the SD LATCH CLK signal, which will vary the sampling periods described above and 
illustrated in the Figures. All such modifications and variations are intended to be included 
herein within the scope of the present invention. 
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